Abstract The effect of vacuum packaging and pomegranate peel extract on ground goat meat and cooked nuggets during refrigerated storage (4±1°C) was evaluated. Three different treatments evaluated were: I). Aerobic packaging (AP); II) Vacuum packaging (VP) and III). Vacuum packaging along with 1 % pomegranate peel extract (VP + PPE). Results of quality evaluation showed that VP and VP + PPE maintained a more stable colour than AP. In all treatments, a significant (P<0.05) increase in hardness and gumminess of nuggets was observed during the storage. But, VP nuggets showed minimum changes in texture parameters. TBARS values were significantly (P<0.05) lower in VP and VP + PPE than AP. In ground meat, VP reduced the TBARS by 27 % and PPE reduced the TBARS by 41 %. In nuggets, TBARS was decreased by 17 % and 40 % in VP and VP + PPE respectively. Total plate counts were significantly higher (>log 7) in AP than VP meat and nuggets. Thus VP and PPE have a synergistic antioxidant effect and VP extended the refrigerated shelf life of goat meat and nuggets.
Introduction
Meat and meat products are susceptible for rapid quality and shelf-life deteriorations because of their rich nutritional composition. Major quality deterioration is due to oxidation and microbial spoilage. These changes are responsible for meat products to become unacceptable from a sensory, nutritional, microbiological or safety perspective. Food additives that are classified as GRAS (generally recognized as safe) are used to extend the shelf life and overall quality through inhibition of oxidative rancidity and spoilage bacteria. Further vacuum packaging can be combined to maintain microbial and sensory quality of the meat products. (Tang et al. 2001) . Use of synthetic chemicals is limited by food legislation and therefore, use of natural ingredients has been encouraged as consumers and processors are concerned about the safety of synthetic food additives. Rosemary, sage, thyme, chitosan, fenugreek, pomegranate, grape seed etc have been studies as source of natural antioxidants in different meat products (Nassu et al. 2003; Rojas and Brewer 2008; Devatkal et al. 2011 ). However, very few studies have been carried out on combined effect of vacuum packaging and natural antioxidant in meat and meat products. Therefore, the objective of this study was to evaluate the combined effect of vacuum packaging and pomegranate peel extract on quality characteristics of ground goat meat and cooked goat meat nuggets stored at 4±1°C.
Material and methods
Meat and raw materials Fresh goat meat (thigh muscles of goats slaughtered at an age about 2 year and weighing 18-20 kg) was obtained from local retail meat processing units. Meat was stored at 4°C for approximately 4 h before use. Fresh meat samples were obtained separately for each of the replications. Fresh pomegranate (Punica granatum) was also obtained from retail fruit market. Pomegranate peel extract (PPE) was prepared by extracting in sterile distilled water for 1 h at 60°C. Nylon-6 packaging film (100 μm) obtained from local manufacturer was used for packaging. Microbiological media (Himedia) and other chemicals used were of analytical grade.
Preparation goat meat samples About 3 kg goat meat was minced twice 10 mm plate followed by 8 mm plates using a meat mincer (Sirman, Italy). After mincing the meat samples (500 g each) were assigned to one of the following three treatments : I. AP/control (meat with 2 % salt and packed aerobically); II. VP (meat with 2 % salt and vacuum packed) and III. VP + PPE (meat with 2 % salt and 1 w/v % pomegranate peel extract and vacuum packed) and all samples were stored at 4±1°C for 9 days. During this storage period color, TBARS values and total plate counts were evaluated at an interval of 3 days.
Preparation of goat meat nuggets About 5 kg of goat meat was deboned, chilled overnight (4±1°C), ground twice through 8 mm plate using a meat mincer (Sirman, Italy) and used for meat nuggets preparation. Freshly obtained meat was used for each replication. Sodium chloride, sodium tripolyphosphate, sodium nitrite, spice mix, condiments (onion and garlic paste) and refined sunflower oil were other ingredients used for the preparation of goat meat nuggets. The formulation was similar to all treatments except that 1 %w/v PPE was added in VP + PPE treatment. This emulsion was manually filled in stainless steel boxes (about 450 g) and lids of the boxes were tightly closed. The moulds were steam cooked to an internal temperature of 80-82°C. Internal temperature of blocks was measured with a digital thermometer having a probe. After, internal temperature reached the 80-82°C, blocks were held at this temperature for 15 min. After this process meat blocks were cooled to room temperature. Nuggets from these cooked blocks were used for packaging and analysis. These nuggets (500 g each) were assigned to one of the following three treatments : I. AP/control (aerobically packed nuggets ); II. VP (vacuum packed nuggets) and III. VP + PPE (nuggets with1% w/v pomegranate peel extract and vacuum packed) and all samples were stored at 4±1°C for 25 days. During this storage period color, texture, TBARS values and total plate counts were evaluated at an interval of 5 days.
Instrumental colour evaluation Colour properties of goat meat and nuggets was evaluated by Hunter Colorimeter (Hunter and Harold 1987) . Colorimetric analysis on ground meat samples and cooked nuggets was performed using a Hunter Lab Miniscan XE Plus colorimeter (Hunter Associates Laboratory Inc., Reston, VA, USA) with 25 mm aperture set for illumination D65, 10°standard observer angle. Hunter L (lightness), a (red ± green) and b (yellow ± blue) values were measured on the outer and inner surfaces of horizontally cut nuggets. The hue and chroma values were calculated by using formulae, tan −1b/a and (a 2 +b 2 ) 1/2 respectively. Total color difference (ΔE) was calculated using the following equation:
Texture profile analysis (TPA) The textural properties of nuggets were evaluated using a texture analyzer (Stable Micro System, Model No TA. HDi UK). Texture profile analysis (Bourne 1978) was performed using five pieces of each sample (2 cm×2 cm), which were compressed twice to 50 % of the original height by a compression probe (P 75). A crosshead speed of 2 mm/s was used. The following parameters were determined: hardness (N) 0 maximum force required to compress the sample; springiness (cm) 0 ability of sample to recover its original form after a deforming force was removed; cohesiveness 0 extent to which sample could be deformed prior to rupture (A2/ A1, A1 being the total energy required for first compression and A2 the total energy required for the second compression); chewiness (N-cm) 0 work to masticate the sample for swallowing (S×gumminess) (Bourne 1978) .
Thiobarbituric acid reactive substances (TBARS) value Lipid oxidization was monitored by measuring thiobarbituric acid reactive substances at different intervals of storage. TBARS were determined using extraction method described by Witte et al (1970) . TBARS were extracted in chilled 20 % trichloroacetic acid. Thiobarbituric acid extracts of each sample were used for measuring the absorbance at 520 nm using a uv-visible spectrophotometer (UV-1800 Shimadzu Corp. Japan). 1, 1, 3,3, tetraethoxypropane (Sigma Aldrich, New Delhi, India) was used as standard for TBARS assay. TBARS numbers were calculated as mg of malonaldehyde per kg of meat sample.
Determination of total plate counts A 10 g of meat sample was homogenized in 90 ml of sterile 0.1 % peptone water using sterile pestle and mortar for 2 min. Appropriate decimal dilutions were prepared in 0.1 % sterile peptone water and used for assessing the microbial quality using pour plate method as described in ICMSF (1978) . Total plate counts were assessed using poured plates of plate count agar, incubated at 37°C for 48 h. Microbial colonies from the plates containing 30-300 colonies were counted and expressed as log10 cfu/g.
Statistical analysis
Three replications of the study were performed and measurements of all parameters were made in duplicate. Mean values for various parameters were calculated and compared by analysis of variance using the SPSS software for windows (version 13.0). Storage data of TBARS values were analyzed using two-way ANOVA with treatment and storage time as main effects. Statistical significance was identified at the 95 % confidence level (P<0.05).
The average values were reported along with mean standard error (± standard error).
Results and discussion
Changes in coulor, lipid oxidation and total plate counts of ground meat Results of instrumental color evaluation of stored ground meat are presented in Table 1 . Lightness significantly (P < 0.05) increased during storage in all treatments. Although vacuum packaged treatment had higher lightness, no significant difference was seen between the treatments on any given days of storage. Redness and chroma values increased significantly in all treatments during storage. However, started decreasing when storage period advanced. However, Berruga et al. (2005) found that redness decreased and b value increased significantly in aerobic packaged lamb meat and colour was more stable in vacuum packaging. Kerry et al. (2000) found that 'L'and 'b' values showed no overall trends during MAP storage of lamb patties. They further observed that lamb patties packaged under vacuum had higher Hunter 'a' values compared to all other packaging systems. Similarly Smith et al. (1983) studied the evolution of colour in fresh lamb meat packed under MAP and vacuum, and found a more desirable appearance of lamb meat packed in vacuum than in MAP. TBARS values of raw goat meat during storage significantly increased. However the pattern of this increase was atmospheres. The higher malondialdehyde levels in AP than in vacuum may consequently be due to greater levels of residual oxygen (Smiddy et al. 2002) . The concentration of O2 in the package atmosphere is the determining factor for the rate of lipid oxidation. Exclusion or limiting of the oxygen content VP packaging atmospheres limits oxidation and thus resulted in lower TBA values for these meat samples (Seydim et al. 2006 ). The observation on correlation between TBARS values and colour properties suggested that a negative correlation between redness and TBARS values but a positive correlation of TBARS with b values. Similar observations were also reported by Berruga et al. (2005) in vacuum packaged lamb. Oxidation might also be responsible for the formation of metmyoglobin and gradual changes in colour attributes during storage (Jeremiah 2001) . Several researchers have suggested that lipid oxidation promotes oxymyoglobin oxidation (Yin and Fautsman 1993; O'Grady et al. 2000) .
Total plate counts significantly increased in all treatments during storage of fresh goat meat (Table 1) . Although a linear increase in APC was seen in all treatments, the threshold of log7 was observed on 6th day in AP. But, in vacuum packaged treatments, the APC did not reach the threshold limit of log7 even after 9 day. Observation on percent change in total plate counts indicated an increase by 60 %, 45 % and 44 % in AP, VP and VP + PPE treatments. Babji et al (2000) have also reported a lower total plate counts in vacuum packaged goat meat as compared to aerobic packaged. It has been reported that microbial spoilage of meat occurs with APC at levels of 7-8 log cfu/cm 2 or g (Jeremiah 2001 ). In general, vacuum-packaged meats are generally quite stable at low temperatures (Labadie 1999) . While the shelf life of meat that is packaged with films that are highly permeable to oxygen is approximately 1 week, the shelf life of vacuumpackaged meat is around 3-12 weeks, when stored at 0°C (Gill and Newton 1978) . Further, in vacuum-packaged meat, spoilage is determined by temperature, relative humidity, partial oxygen and carbon dioxide pressure and storage conditions usually favour the growth of lactic acid bacteria in this type of product (Brightwell et al. 2009 ).
Changes in coulor, texture, lipid oxidation and total plate counts of nuggets The effect of packaging and storage period on colour attributes of cooked nuggets is given in Table 2 . Lightness value did not show any significant change during storage in all treatments. Redness value was not significantly affected by packaging method but storage period had a significant effect on redness in all treatment. Further, storage period and packaging method did not affect significantly the Table 3 . Hardness significantly increased during the storage period irrespective of packaging method. Maximum change of hardness was observed in AP and VP + PPE as compared to VP. The increase in hardness might be due to loss of moisture during storage. Use of vacuum packaging assisted in maintaining the hardness values to the original values. Springiness and cohesiveness did not show any significant trend and storage and vacuum packaging did not have any significant effect on cohesiveness and springiness of cooked nuggets. Chewiness significantly increased after 5th day of storage as compared to initial storage period. After 5th day, chewiness remained constant throughout the storage. This trend was similar in all treatments. Springiness was significantly higher in VP + PPE and AP than VP nuggets. In earlier studies also it has been reported that loss of moisture during storage would increase the textural parameters in meat products (Martinez et al. 2004) . Results of lipid oxidation in nuggets are presented in Table 2 . TBARS significantly increased during the storage period. However this increase was significantly higher in AP and VP but extract containing sample showed no significant change in TBARS values. At any given interval of storage, significantly higher TBARS value was observed in AP and lowest in VP + PPE. The nuggets containing PPE and packaged in VP showed a significant lower TBARS than AP and VP. The overall treatment means of TBARS was significantly higher in AP, followed by VP and lowest in VP + PPE. There was a significant reduction in TBARS values by VP and further reduction of TBARS by use of PPE. Observation on percent changes in TBARS showed that an increase by 66 % in AP, 64 % in VP but a negative change (−9.6 %) in VP + PPE. Similarly percent reduction of TBARS values indicated that VP reduced TBARS by 17 % and 40 % in VP + PPE. Thus vacuum packaged nuggets showed a significant lower increase in TBARS during storage period. Further use of PPE also significantly reduced TBARS in vacuum packaged meat. Devatkal and Naveena (2010) have also demonstrated the antioxidant effect of pomegranate peel extract in goat and chicken meat. They have reported that PPE is rich in total phenolics having strong antioxidant effect. The results of vacuum packaging are in agreement with the findings of earlier studies on vacuum packaged meat products (Kerry et al 2000; O'Grady et al. 2000; Jeremiah 2001 ).
Total aerobic plate counts of nuggets during storage period are presented in Table 4 . Initial aerobic counts were not significantly different in three treatments. APC significantly increase during all intervals in AP but in VP and VP + PPE this significant increased was only observed from 10th day of storage. Thus a slow growth of APC was observed in VP and VP + PPE. In AP, maximum prescribed limit of log7 cfu /g was observed on 15th day of storage and it reached an unacceptable level on 20th days of storage. In contrast, in VP and VP + PPE the maximum prescribed limit was observed on 25th day of storage and even after 25 days of storage total plate counts remained with in maximum permissible limits of log7 cfu /g. The observation on percent increase in APC during storage showed a 300 % increase in AP and 145 % in vacuum packaged nuggets. The overall treatments means of APC was sign ificantly higher in AP (log 6.3) as compared to vacuum packaged nuggets (log 5.4)
Conclusion
The results of present study showed the synergistic antioxidant effect of vacuum packaging and pomegranate peel extract. The overall shelf life of ground goat meat was increased by 3 days and that of nuggets by more than 5 days by using vacuum packaging.
